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Abstract 
Assessment of pain sensitivity, as an important criterion, is used in diagnosis of musculoskeletal impairments, which helps determine prognosis as 
well as the improvement rate after treatment interventions. Regarding the costs of modalities and treatment equipment used to reduce pain, having 
a reliable method to determine their efficacy is essential. The aim of the present study was to evaluate intra-examiner and between-day reliability of 
an accessible digital algometer to assess pressure pain threshold and for pain sensitivity for the first time. A total of 15 healthy young adult women 
aged 18-30 participated in the study. Three points of upper Trapezius muscle in both sides were tested in 3 repetitions with 30 seconds rest interval. 
The tests included PPT by controlled speed of increasing pressure and Visual Analogue Scale to evaluate local pain elicited by exertion of 2.5 kg/cm2 
of pressure on the marked point. Trials were conducted on two consecutive days. Intra Class Correlation, Coefficient Standard Error of 
Measurement, and Minimal Detected Change were calculated to analyze the reliability of the measurements. Assessments revealed high to moderate 
intra-examiner reliability for pressure pain threshold (ICC>0.972) and pain sensitivity (ICC>0.707) and high to moderate between-day reliability 
for pressure pain threshold (ICC>0.974) and pain sensitivity (ICC>0.676). Although pressure algometer has an acceptable intra-examiner and 
between-day reliability for estimating the pressure pain threshold and pain sensitivity, a significant decrease was revealed in the mean values of PPT 
and increase in PS on the second day, as compared to that on the first day, (P<0.05) which could be related to local tissue trauma, learning effect, or 
central sensitization. 
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Introduction 
Pain is considered as a principle factor of the quality of life in the 
health care system (1). Every year, large amounts of money are spent 
on equipment and treatment modalities in health care centers in 
order to reduce patinets' pain; however, as long as there is no reliable 
outcome in the assessment of pain, the effectiveness of this equipment 
and modalities is also in doubt. The total health care expenditure on 
relieving pain ranges from $261 to $300 billion annually in the United 
States only (2). Applying pressure on the painful regions and 
evaluation of the patient’s sensitivity is one of the methods that is used 
in the diagnosis of myofascial pain syndromes, trigger points, 
fibromyalgia tender points, fibrositis, and myalgic spots (3). In the 
recent years, different parameters are being used in the assessment of 
Pain Sensitivity (PS), such as Pressure Pain Threshold (PPT), 
Thermal Pain Threshold, Pressure Pain Tolerance (PPT), and 
Thermal Pain Tolerance (4) PPT has been defined as the minimal 
amount of force required to elicit a sensation of pain distinct from 
pressure or discomfort (3). In comparison to manual palpation, 
pressure algometer is a more confident method to evaluate the PPT 
and PPT in the assessment of sensitivity and tenderness in the muscle 
tissue, and in the conversion of subjective measures of pain into 
objective numbers (5, 6).  
Recent studies have shown that low PPT increases the risk of 
myofascial pain syndrome in the shoulder and neck region (7). 
Also, low level of PPT has been reported in tension type headache, 
as compared to those in healthy participants (8). Moreover, 
significant differences were observed between men and women 
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with PPT and other pain factors. Physiological differences 
between males and females cause lower PPT in women compared 
with that in men (9, 10). In several studies, in order to evaluate the 
reliability of PPT in healthy participants, painful conditions were 
executed (6, 11-18).  
Various methods are used in the estimation of PS in muscles 
including pressure algometry, cuff algometry, and injections of 
algesic substances. 
Different mechanical and chemical procedures performed to 
evaluate PS activate various tissue nociceptors, and thus getting 
involved different mechanisms (19). The estimation of PS using 
algometer is executed through the application of certain 
pressure and then pain sensation is evaluated using Visual 
Analogue Scale (VAS). VAS is used as a means to convert the 
pain as a subjective phenomenon to an objective one. 
Although some studies have been conducted to assess the 
reliability of the pressure algometer in the evaluation of PPT, up 
to now, no study has been found to evaluate the reliability of PS 
using an algometer (assessing local pain elicited by 2.5 kg/cm2 of 
pressure on marked point).  
Considering the connections of the upper Trapezius muscle 
on the head, neck, and shoulders and the importance of this 
muscle in the development of myofascial pain syndromes in 
shoulder, neck, and head, also the fact that upper Trapezius is a 
more sensitive muscle compared to the other muscles in 
tolerance to pain (2), identification of the painful spots in this 
muscle is critical (4, 20). 
The importance of the PPT and PS measurements become 
obvious when considering the cost of equipment and modalities 
to reducing pain, so evaluation of the reliability of the PPT and PS, 
as an accurate criterion in pain measurement, seemed necessary. 
Application of algometer depends on the examiner’s skills and the 
interaction between the examiner and the individual. Therefore, 
the examiner’s skill to obtain the same values on several 
repetitions, as well as the effect of learning or test on the 
participants, are important in evaluating the final results. 
The objective of the present study was to establish the intra-
examiner and between-day reliability of a clinically available 
digital algometer in the measurements of PPT and PS over the 
upper Trapezius muscle in healthy young adult women. 
Materials and Methods 
The present study was approved by the Ethical Committee of the 
Physiotherapy Research Center, Shahid Beheshti University of 
Medical Science, Tehran. The Participants signed the required 
agreement prior to the study and were informed about the entire 
process of evaluation and treatment. 
Participants 
Based on the procedure described by Fleiss (21), 15 young female 
adults, aged 18-30, from Shahid Beheshti University of Medical 
Sciences, Tehran, volunteered to participate in the study. They 
were included in the study in case they met the following criteria: 
aged between 18-30, no pain in neck and shoulder region one 
month prior to the study, no previous injury in the neck-shoulder 
region, no history of radicolopathic pain, instability, spastic 
torticollis, inflammatory rheumatic diseases and fibromyalgia, 
and not in menstrual cycle, as it can affect sensation of pain (6, 20, 
22). Participants were assured that they could leave the 
experiment without any problem any time they desired. All the 
participants included in the study had similar demographic 
characteristics (Table 1).  
Intruments 
In the current study, the pressure algometry proved to be useful in 
the evaluation and diagnosis of fibrositis and hypersensitive spots, 
trigger points, and in the activity of arthritis and visceral pain-
pressure sensitivity (3). The pressure algometer used in the present 
study was a 5020 model, comprised of a pressure gauge fitted to 
attach to a one-cm-diameter rubber plunger. One of the capabilities 
of this devise is the software installed on computer and is available 
for an operator to apply the required setting. All readings were 
expressed in kilograms per square centimeter (kg/cm2). In order to 
obtain confident results, prior to the onset of the tests, the 
calibration of algometer was conducted. Also, the force plate was 
used as a gold standard to compare the algometer outputs.  
Study procedure  
All the tests were conducted by a trained examiner on two 
consecutive days. Participants were asked to sit on a chair, feet on 
the floor and hands on the lap, then six points of upper Trapezius 
muscle (bilaterally) were marked using the following method: 
initially participants were asked to flex their head and neck in full 
range so that the C7 vertebra appeared. Next, the distance between 
the spinous process of C7 to the lateral border of acromion 
process was measured using a tape and was divided into three 
parts and marked via a marker (Figure 1) (4). To get the 
participants familiar with the concept of PPT, at first, in another 
point (the midpoint of the long head of biceps muscle), the force 
was applied. The force was gradually increased and the 
participants were asked to report the changes of sensation from 
pressure to pain saying "now" to the examiner. When the 
participants became familiar with PPT concept, pressure was 
applied directly and perpendicularly to the marked points on the 
upper Trapezius using an algometer. Thereafter, participants were 
asked to relax their muscles because of the effects of muscle 
contraction on the PPT values. The previous studies have proven 
that 50% of maximal voluntary contraction causes nearly 36% 
increase of the PPT. The “cluster protocol” consisted of three 
consecutive measurements at each location with a 30-second rest 
between each measurement conducted. The speed of application 
of force was controlled and slowly increased, because PPT is 
influenced by the speed of applying force. 
The next step involved evaluation of PS through the 
application of 2.5 kg/cm2 force on the marked points. Participants  
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Table 1. Baseline patient characteristics 
Variable Mean (SD) Min Max Range 
Age(year) 22.87 (2.47) 19 27 8 
Height (cm) 161.93 (4.06) 157 170 13 
Weight (kg) 57.20 (4.97) 49 64 15 
BMI (kg/m²) 21.89 (1.82) 19.14 24.39 5.25 
 
were told to place a mark on a 10-cm tape to indicate their pain, 
ranging from no pain to the worst pain they could possibly feel. 
This trial was repeated three times with 30 seconds of rest between 
repetitions. 
All aforementioned steps were repeated for all the participants 
on the second day to determine the effect of time on the values. 
Data analysis 
Data was analyzed usin SPSS (v. 16). Intra-class correlation 
coefficients with 95% confidence intervals were calculated to 
measure the relative reliability. Also, the Standard Error of 
Measurement (SEM) was calculated to measure absolute 
reliability and the Minimal Detected Change (MDC), using a 95% 
confidence interval, calculated via the following formula: 
MDC 95=1/96×√2×SEM 
SEM=√1–ICC×SD 
The test-retest reliability analysis was performed to evaluate 
the reliability of the PPT and PS for the two consecutive days of 
the test. Also, paired-t test was run to compare the changes in the 
mean values of PPT and PS on the two consecutive days. Alpha 
level was set at 0.05 level for statistical analyses. 
Results 
Table 1 shows the mean, standard deviation, and range of 
demographic variables, including age, height, weight, and body 
mass. The average age of the participants was about 22, the 
average height 161 cm, and the average weight 57 kg. 
Tables 2 and 3 show the mean values and standard deviation, 
Intraclass Correlation Coefficient (ICC), SEM, and MDC of PPT 
and PS in the dominant and non-dominant sides. Moreover, 
Munro's classification for reliability coefficients was 
implemented: 0.00–0.25: little, if any correlation; 0.26–0.49: low 
correlation; 0.50–0.69: moderate correlation; 0.70–0.89: high 
correlation, and 0.90–1.00: very high correlation (23). 
As shown in Tables 2 and 3, the ICC of PPT for day 1 ranged 
from 0.974 to 0.988 and for day 2, it ranged from 0.972 to 0.984. 
ICC of PS for day 1 ranged from 0.707 to 0.795 and for day 2, it 
ranged from 0.741 to 0.790. Table 4 summarizes the results of 
test-retest reliability analyses for PPT and PS for the two 
consecutive days for all the three points (T1-T3) in both 
dominant and non-dominant sides. Also, as shown in Table 4, 
the ICC scores ranged from 0.974 to 0.989 for PPT and 0.676 to 
0.802 for PS measurements. 
 
Figure 1. Marked points on upper Trapezius 
Discussion 
In the present study, the intra examiner and between–day 
reliability for PPT and PS we evaluated using the algometer. The 
results of the test for ICC, SEM, and MDC indicated high 
reliability for PPT and moderate to high reliability for PS. 
Reliability tests for pressure pain threshold  
The data outlined in Table 2 shows that there is a high level of 
consistency in the three trials for all the six marked points; the 
ICC scores for PPT indicated high level of reliability, which is in 
accordance with Munro’s classification. Several factors, 
including differences in participants, trials, and errors, influence 
ICC; however, SEM is influenced only by differences in errors 
(24). Small amounts of SEM reveal high absolute reliability and 
precision of measurements. The values of SEM in PPT reliability 
measurements showed small amounts; in other words, it showed 
high accuracy of measurements. Absolute error, calculated by 
the SEM and MDC, revealed that the clinical measurements for 
PPT evaluated in the present study were accurate. The values 
obtained from MDC and SEM are in line with those reported in 
the previous studies (4). 
There were no significant differences between the mean 
values of the sides (dominant and non-dominant) (P=0.53 on 
the first day and P=0.048 on the second day; paired t-test). 
Similarly no significant differences were observed between the 
amount of ICC in dominant and non-dominant sides (P=0.37 
on the first day and P=0.45 on the second day), while a 
significant lowering of mean values of PPT was observed on the 
consecutive days of testing (P=0.001) 
The current study was conducted on healthy people; 
therefore, the hypothesis was that the mean values of PPT on 
both test days would remain constant, but the results showed 
that the mean values of PPT on the second day of the test 
decreased significantly in comparison with that on the first day 
(P=0.001). Jones et al. demonstrated similar results, too. They 
suggested that learning phenomena only occurs in between-day 
trials and increased sensitivity of local pain receptors due to 
local tissue trauma could be the cause of the observed lowering 
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Table 2. Mean values and Standard Deviation, Intraclass Correlation Coefficient, standard Error of Measurement, and Minimal Detected Change 
of pain sensitivity 
 Point First day Second day 
Mean (SD)  ICC Confidence 
interval 95 % for 
ICC 
SEM MDC Mean (SD)  ICC Confidence 











Dominant T1 5.77 (0.58) 0.740 0.502 0.894 0.29 0.80 6.28 (0.53) 0.741 0.503 0.894 0.26 0.72 
T2 5.46 (0.48) 0.707 0.541 0.956 0.26 0.72 6.11 (0.52) 0.774 0.556 0.909 0.24 0.67 
T3 5.05 (0.64) 0.776 0.559 0.910 0.30 0.83 6.08 (0.58) 0.738 0.499 0.893 0.29 0.81 
Non-dominant T1 5.64 (0.62) 0.748 0.514 0.897 0.31 0.86 6.49 (0.47) 0.768 0.546 0.907 0.22 0.62 
T2 5.44 (0.66) 0.732 0.580 0.916 0.30 0.83 5.96 (0.66) 0.790 0.582 0.916 0.30 0.83 
T3 5.04 (0.69) 0.795 0.590 0.918 0.31 0.85 6.02 (0.55) 0.737 0.497 0.892 0.28 0.78 
 
Table 3. Mean Values and Standard Deviation, Intraclass Correlation Coefficient, Standard Error of Measurement, and Minimal Detected 




First day Second day 
Mean (SD) ICC 
Confidence 
interval 95 % for 
ICC SEM MDC Mean (SD)  ICC 
Confidence 
interval 95 % for 










T1 1.43 (0.41) 0.988 0.972 0.996 0.044 0.12 1.32 (0.43) 0.982 0.958 0.993 0.057 0.15 
T2 1.50 (0.43) 0.984 0.962 0.994 0.054 0.15 1.40 (0.42) 0.972 0.936 0.990 0.070 0.19 
T3 1.48 (0.41) 0.978 0.949 0.992 0.060 0.16 1.37 (0.44) 0.978 0.948 0.992 0.065 0.18 
Non-dominant 
T1 1.44 (0.43) 0.978 0.950 0.992 0.064 0.18 1.33 (0.44) 0.984 0.962 0.994 0.056 0.15 
T2 1.45 (0.39) 0.974 0.940 0.990 0.062 0.17 1.32 (0.39) 0.980 0.953 0.993 0.055 0.15 
T3 1.42 (0.38) 0.982 0.958 0.993 0.051 0.14 1.30 (0.35) 0.976 0.945 0.991 0.054 0. 15 
 
Table 4. Test-retest reliability 
Pressure pain threshold Pain sensitivity 
Tests Point ICC 95%confidance interval to ICC ICC  Confidence interval 95 % for ICC 
Lower limit Upper limit Lower limit Upper limit 
Dominant T1 0.985 0.956 0.995 0.727 0.359 0.899 
T2 0.978 0.935 0.992 0.752 0.407 0.909 
T3 0.982 0.949 0.994 0.672 0.269 0.878 
Non-dominant T1 0.989 0.968 0.996 0.802 0.507 0.929 
T2 0.984 0.953 0.995 0.691 0.296 0.885 
T3 0.974 0.924 0.991 0.782 0.466 0.921 
 
of PPT by the repeated measures on the second day. The third 
reason was due to central response that includes both learning 
components and tissue damage (22). 
On the other hand, Kosek, Isselée, and Pearson revealed 
contrasting results (5, 6, 15). Kosek et al. (15) measured the 
PPT on 30 different points of the body in 12 healthy young 
women. The measurements were repeated after one week and 
again 10-13 weeks later. The results showed that there was no 
difference between the first and the second sessions, while in 
the third session, the PPT mean values increased 
significantly. Isselée et al. (6), too, evaluated the PPT 
reliability on a day and between two days, using Algometer 
on Masseter and temporalis muscles. They concluded that the 
PPTs measurements of on the first day were systematically 
lower than those of the second day. Furthermore, Pearson et 
al. (5) examined the PPT of the upper Trapezius and deltoid 
muscles in 24 healthy women on four different days (days 1, 
3, 28, and 29). They reported significant increase in PPT. 
These controversial results may be attributed to the 
differences in the samples (different age range and difference in 
sample sexes), differences in the procedures, or different regions 
and muscles of testing. 
There was no difference between the dominant and non-
dominant sides in the mean value and amount of ICC. Up to 
now, the effect of dominant or non-dominant sides on PPT 
values has remained unclear. The results obtained from the 
comparison of both sides is in line with those reported in the 
previous studies (12, 13, 17), yet some trials had conflicting 
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results (6). Isselée et al. revealed that there were significant 
differences in the mean values of PPT between sides of master 
and temporalis muscles (6). The monitoring of the results of the 
PPT on both sides and the taking of several measurements could 
decrease possible error related to individual variations and thus 
increase reliability (20). 
Reliability trials for pain sensitivity 
As shown in Table 2, ICC scores for PS is in moderate to high level 
of reliability in Munro’s classification. The small amounts of SEM 
in PS showed high accuracy of measurements. SEM and MDC 
measurements, as absolute reliability indices, revealed accurate 
results for PS measurements. However, the values obtained from 
MDC and SEM confirmed those of the previous studies (25). 
Pain sensation varies in different sex groups, even in the same 
sex, and among age groups (10). Also, the sensitivity of the 
different muscles of the body varies along with pressure pain (3, 
4). In the present study, 2.5 kg pressure was applied on three 
points of the upper Trapezius muscle to assess PS. The application 
of this amount of pressure in order to evaluate participants’ 
sensitivity to pain is a common outcome that is performed in 
clinical trials, especially those related to treatments of 
fibromyalgia tender points and trigger points (26-28), while the 
reliability of this procedure is yet to be studied. Also, the 
procedure of selecting this amount of pressure to be applied on 
the muscle is yet to be clarified. Given that the different muscles 
have the potency to tolerate different pressure, certainly the 
amount of pressure applied to the upper Trapezius should not be 
equal to those of other forceful muscles, such as quadriceps. 
Similar to the PPT measurements, in the PS measurements, 
no significant difference was observed between the mean values 
of both sides (dominant and non-dominant) (P=0.82 on the first 
day and P=0.90 on the second day; paired t-test). No significant 
differences were observed between the amount of ICC in the 
dominant and non-dominant sides either (P=0.22 on first day 
and P=0.07 on second day), while there was a significant 
decrease in the mean values of PS for the consecutive days of 
testing (P=0.001). The results of the mean values of PS on the 
second day of trial confirmed the results of the PPT tests on 
second day. The significant increase in PS on the second day of 
trial showed that results of pressure pain threshold obtained on 
the second day were not calculated by chance. Local tissue 
trauma, learning effect, and central sensitization, attributed to 
be the causes of lowering PPT value on the second day, could be 
the reasons of increased PS mean value on the second day. 
There was no significant difference between dominant and 
non-dominant side in mean value and ICC amounts in PS 
measurements, which confirmed the results of PPT reliability 
trials.  
Comparison between pressure pain threshold and pain 
sensitivity 
The results of the comparison between the ICC values in PS 
and PPT indicated that PS method is less sensitive than PPT. 
This could be attributed to the participants’ inability to 
differentiate between the perception of the concepts of “pain” 
and “pressure”. Also, this failure could be attributed to the 
examiner‘s inability to properly train the participant or the 
participant’s inability to understand the difference between 
the “pressure” and the “pain” concepts. Another reason could 
be the short rest interval between the trials. The rest interval 
between consecutive trials was considered to be 30 seconds. 
It seems that this short period of rest was not enough to 
return the participants to initial conditions. 
As the reasons for the lower level of ICC in reliability 
measurement of PS were related to lack of proper training, it 
seems that this problem must have been resolved somewhat 
on the second day when participants become more familiar 
with the concepts of “pressure” and “pain”. 
Conclusion 
Based on the results obtained in the present study, it could be 
argued that the algometer tool used in the measurement of 
the PPT and PS through the application of 2.5 kg/cm² 
pressure is acceptable for between-day and intra-examiner 
reliability. Moreover, to convert subjective values into 
objective ones in the estimation of PS and for appropriate 
application of speed for easy measurement of pain threshold, 
it is recommended that an algometer, as a reliable equipment, 
be used to estimate pressure pain in the diagnosis of 




Conflict of interest:  
None  
Funding support:  
This project had no external funding, and no financial or other 
relationships pose a conflict of interest  
Authors’ contributions:  
All authors made substantial contributions to conception, 
design, acquisition, analysis and interpretation of data. 
Reliability of algometer for pressure pain threshold and pain sensitivity                                                                                                                                   20 
 
Journal of Clinical Physiotherapy Research. 2017;2(1): 15-20 
Copyright © 2016 Shahid Beheshti University of Medical Sciences. All rights reserved. Downloaded from: http://journals.sbmu.ac.ir/physiotherapy/ 
References 
1. Adekoya N. Reasons for visits to emergency departments for 
Medicaid and State Children’s Health Insurance Program patients: 
United States, 2004. NC Med J. 2010;71(2):123-30. 
2. Rasu RS, Vouthy K, Crowl AN, Stegeman AE, Fikru B, Bawa WA, et 
al. Cost of pain medication to treat adult patients with nonmalignant 
chronic pain in the United States. Journal of Managed Care 
Pharmacy. 2014;20(9):921-8. 
3. Fischer AA. Pressure algometry over normal muscles. Standard 
values, validity and reproducibility of pressure threshold. Pain. 
1987;30(1):115-26. 
4. Walton D, MacDermid J, Nielson W, Teasell R, Chiasson M, 
Brown L. Reliability, standard error, and minimum detectable 
change of clinical pressure pain threshold testing in people with 
and without acute neck pain. journal of orthopaedic & sports 
physical therapy. 2011;41(9):644-50. 
5. Persson A, Brogardh C, Sjolund BH. Tender or not tender: test-
retest repeatability of pressure pain thresholds in the trapezius 
and deltoid muscles of healthy women. Journal of Rehabilitation 
Medicine. 2004;36(1):17-27. 
6. Isselée H, Laat A, Lesaffre E, Lysens R. Short‐term 
reproducibility of pressure pain thresholds in masseter and 
temporalis muscles of symptom‐free subjects. European journal 
of oral sciences. 1997;105(6):583-7. 
7. Andersen JH, Kaergaard A, Frost P, Thomsen JF, Bonde JP, 
Fallentin N, et al. Physical, psychosocial, and individual risk 
factors for neck/shoulder pain with pressure tenderness in the 
muscles among workers performing monotonous, repetitive 
work. Spine. 2002;27(6):660-7. 
8. Bovim G. Cervicogenic headache, migraine, and tension-type 
headache. Pressure-pain threshold measurements. Pain. 
1992;51(2):169-73. 
9. Jensen R, Rasmussen BK, Pedersen B, Olesen J. Muscle 
tenderness and pressure pain thresholds in headache. A 
population study. Pain. 1993;52(2):193-9. 
10. Chesterton LS, Barlas P, Foster NE, Baxter GD, Wright CC. 
Gender differences in pressure pain threshold in healthy 
humans. Pain. 2003;101(3):259-66. 
11. Pelfort X, Torres-Claramunt R, Sánchez-Soler J, Hinarejos P, 
Leal-Blanquet J, Valverde D, et al. Pressure algometry is a useful 
tool to quantify pain in the medial part of the knee: An intra-and 
inter-reliability study in healthy subjects. Orthopaedics & 
Traumatology: Surgery & Research. 2015;101(5):559-63. 
12. Bisset LM, Evans K, Tuttle N. Reliability of 2 protocols for 
assessing pressure pain threshold in healthy young adults. 
Journal of manipulative and physiological therapeutics. 
2015;38(4):282-7. 
13. Koo TK, Guo J-y, Brown CM. Test-retest reliability, repeatability, 
and sensitivity of an automated deformation-controlled 
indentation on pressure pain threshold measurement. Journal of 
manipulative and physiological therapeutics. 2013;36(2):84-90. 
14. Kinser AM, Sands WA, Stone MH. Reliability and validity of a 
pressure algometer. The Journal of Strength & Conditioning 
Research. 2009;23(1):312-4. 
15. Kosek E, Ekholm J, Nordemar R. A comparison of pressure pain 
thresholds in different tissues and body regions. Long-term 
reliability of pressure algometry in healthy volunteers. Scandinavian 
journal of rehabilitation medicine. 1993;25(3):117-24. 
16. Takala E. Pressure pain threshold on upper trapezius and levator 
scapulae muscles. Repeatability and relation to subjective symptoms 
in a working population. Scandinavian journal of rehabilitation 
medicine. 1989;22(2):63-8. 
17. Chung S-C, Um B-Y, Kim H-S. Evaluation of pressure pain 
threshold in head and neck muscles by electronic algometer: 
intrarater and interrater reliability. CRANIO®. 1992;10(1):28-34. 
18. Ohrbach R, Gale EN. Pressure pain thresholds in normal muscles: 
reliability, measurement effects, and topographic differences. Pain. 
1989;37(3):257-63. 
19. Henriksen M, Klokker L, Bartholdy C, Graven-Nielsen T, Bliddal H. 
The associations between pain sensitivity and knee muscle strength 
in healthy volunteers: a cross-sectional study. Pain research and 
treatment. 2013;2013. 
20. Ylinen J, Nykänen M, Kautiainen H, Häkkinen A. Evaluation of 
repeatability of pressure algometry on the neck muscles for clinical 
use. Manual therapy. 2007;12(2):192-7. 
21. Fleiss JL. Analysis of data from multiclinic trials. Controlled clinical 
trials. 1986;7(4):267-75. 
22. Jones DH, Kilgour RD, Comtois AS. Test-retest reliability of 
pressure pain threshold measurements of the upper limb and torso 
in young healthy women. The Journal of Pain. 2007;8(8):650-6. 
23. Domholdt E. Rehabilitation research: principles and applications. 
2005. WB Saunders, Philadephia. 
24. Stratford PW, Goldsmith CH. Use of the standard error as a 
reliability index of interest: an applied example using elbow flexor 
strength data. Physical therapy. 1997;77(7):745-50. 
25. Emshoff R, Bertram S, Emshoff I. Clinically important difference 
thresholds of the visual analog scale: a conceptual model for 
identifying meaningful intraindividual changes for pain intensity. 
PAIN®. 2011;152(10):2277-82. 
26. Gemmell H, Miller P, Nordstrom H. Immediate effect of ischaemic 
compression and trigger point pressure release on neck pain and 
upper trapezius trigger points: A randomised controlled trial. 
Clinical Chiropractic. 2008;11(1):30-6. 
27. Fryer G, Hodgson L. The effect of manual pressure release on 
myofascial trigger points in the upper trapezius muscle. Journal of 
Bodywork and Movement Therapies. 2005;9(4):248-55. 
28. Fernández-de-las-Peñas C, Alonso-Blanco C, Fernández-Carnero J, 
Miangolarra-Page JC. The immediate effect of ischemic compression 
technique and transverse friction massage on tenderness of active and 
latent myofascial trigger points: a pilot study. Journal of Bodywork and 
Movement Therapies. 2006;10(1):3-9. 
 
